ABSTRACT A more practical method than limb jarring is needed to monitor the plum curculio, Conotrachelus nenuphar (Herbst), in peach trees. Of 223 orchard visits made in Arkansas, traps captured plum curculio adults on 114 visits, whereas limb jarring did so on only 29 visits. Pyramid traps and jarring tree limbs along the orchard edge began to capture plum curculio adults 1 wk before the start of fruit feeding damage and continued to capture plum curculio adults until after harvest. Pyramid traps located at the edge of the peach orchard caught signiÞcantly more adults than did traps placed Ͼ30 m into the orchard interior or traps placed along the edge of an adjacent woodlot. Pyramid traps and screen traps captured similar numbers of plum curculio adults in 14 of 17 samples. Only one orchard in Oklahoma and another in Arkansas had smaller circumference tree trunks (Ͻ38 cm) than the other orchards resulting in signiÞcantly more plum curculio adults captured in pyramid traps than in screen traps. The screen trap was less expensive and sustained environmental conditions better than did the pyramid trap and may be used on trees Ͼ38 cm in circumference. The derived economic threshold of 0.045 plum curculio adults per pyramid trap per day equated to 1% new fruit damage. This study suggested that combining trap counts with percentage of new fruit damage should be used to make insecticide application decisions against plum curculio.
THE PLUM CURCULIO, Conotrachelus nenuphar (Herbst), causes yield loss and lowers fruit quality of pome and stone fruits east of the Rocky Mountains (Chapman 1938) . After mid-August, plum curculio adults overwinter in weedy litter in Arkansas (Wylie 1954) or up to 2 cm below the soil surface in Virginia (Bobb 1949) . Adults can overwinter in weedy orchards where suitable cover is available (Quaintance and Jenne 1912 , Snapp 1930 , Chapman 1938 . However, plum curculio adults tend to move outside the orchard and enter litter or soil in hedgerows or woodlots adjoining orchards. In spring, plum curculio adults begin to emerge from the ground litter from full bloom to petal fall (Wylie 1954) . Once in fruit trees, they mate, then feed on and lay eggs in fruit (Wylie 1954 , Laßeur et al. 1987 . Egg hatch prediction models have been described by Reissig and Nyrop (1994) , Johnson (1996) , Mulder et al. (1997) , and Reissig et al. (1998) .
Several methods have been used to detect damage and monitor plum curculio activity in orchards. Growers inspect fruit for adult feeding damage, presence of eggs under feeding scars, or larvae inside fruit (LeRoux 1961) . Jarring fruit limbs can be used to determine the location and relative abundance of adult weevils in a fruit orchard (Scott and Quaintance 1911, Wylie 1951) . This technique dislodges plum curculio adults from the limbs onto an underlying ground cloth. A scout can quickly count the number of adult weevils jarred onto the cloth because jarred weevils remain motionless for several seconds. However, limb jarring is labor intensive and dislodges blossoms or fruit. In addition, it is difÞcult to achieve accurate counts because of variations in tree shapes, height, and weather conditions, and most importantly, because plum curculio adults are most active in trees at night (Wylie 1951; LeBlanc et al. 1984; Racette et al. 1991; Chouinard et al. 1992 Chouinard et al. , 1993 . Other detection methods include sticky-green thinning apples, sticky-green balls, green painted sticky-coated ping pong balls, pitfall traps, sticky-trunk bands, inverted screen and window-pane traps (Scott and Quaintance 1911 , Chapman 1938 , Wylie 1951 , Le Blanc et al. 1984 , Jones and Johnson 1988 , Yonce et al. 1995 , Maleckas 1996 . A more practical and reliable monitoring method than jarring trees is needed, which will aid growers in determining when plum curculio populations exceed economic thresholds.
The pyramid trap and screen trap were both developed for monitoring pecan weevils, Curculio caryae (Horn). The pyramid trap was reported as an effective monitoring tool that attracts pecan weevils and other weevil species that walk up tree trunks. This trap appears to mimic a tree trunk Wood 1994, Tedders et al. 1996) . Pyramid traps placed between peach trees captured plum curculio adults in Georgia (Yonce et al. 1995) , Arkansas (Johnson 1996) , and Oklahoma (Mulder et al. 1997) . Pyramid trap captures coincided well with peach fruit damage by plum curculio in Arkansas (Johnson 1996) . Maleckas (1996) found the pyramid trap worked well by itself as a monitoring tool for plum curculio in Michigan apples, whereas Prokopy et al. (1996) and Prokopy and Wright (1998) found less relationship between periods of pyramid trap capture of plum curculio adults and damage in Massachusetts apples. Pyramid traps have problems including warping of the Masonite base and having the trap top or the pyramid trap base dislodged by severe winds or livestock. The screen trap was developed after the pyramid trap and initially used to monitor pecan weevil, Curculio caryae (Mulder et al. 1997) . The screen trap can also capture plum curculio adults in peaches (Johnson et al. 1998) .
The economic threshold for plum curculio captures in traps varies between processing and fresh market peaches. In processing peaches, the economic threshold was set at 0.2 plum curculio adults per pyramid trap per day, which usually ensured Ͻ2% fruit damage (damage threshold set by processors). However, the fresh market allowed Ͻ1% fruit damage. Several years of sampling experience indicated that to achieve Ͻ1% damage of fresh market peaches, the economic threshold had to be reduced to Ͻ0.2 plum curculio adults per pyramid trap per day (DTJ, unpublished data) .
In this study, we note the seasonal changes in the number of plum curculio adults captured by pyramid traps, jarring peach limbs, and percentage of new fruit damage. Analyses were conducted to determine the effects of trap locations in and around the orchard and trap types on captures of plum curculio adults. Also, an economic threshold was derived based on a linear regression of pyramid trap captures to percentage fruit damage assessed 1 wk after traps were sampled.
Materials and Methods
Pyramid traps were constructed from 6.35 mm Masonite and a boll weevil trap top (Technical Precision Plastics, Mebane, NC) (Tedders and Wood 1994) . One side was painted with a medium gray paint (50:50 black/white), whereas the other side was painted with dark gray paint (9:1 black/white). The paint was superwhite #40-17 and black #40-11 ßat latex (Gabbard Paint, Fayetteville, AR). From 1995 on, each trap was kept visible by periodic hoeing or hand-removal of tall weeds.
The screen trap was constructed by following stepby-step construction directions (Mulder et al. 1997) . The initial rectangular piece of 21-gauge galvanized hardware cloth was 30 ϫ 38 cm. The 30-cm straight edges were folded together to form a cone, and the overlapping edges were stapled together onto a piece of wood lath 2 cm wide ϫ 10 cm long. Another piece of lath 2 cm wide ϫ 15 cm long was stapled to the opposite side of the cone. The wood lath added support to the cone. A boll weevil trap top was trimmed down to the center cone and top plastic ring. Hot glue was used to attach the top ring and small screen cone to the small open end of the larger screen cone. The trap was inverted and a 38-cm section of the screen base was secured to a tree trunk by wire or rubber strapping (Fig. 1) .
Weekly, biweekly, or monthly counts of plum curculio adults were recorded by two techniques: jarring fruit tree limbs and pyramid traps. Limb jarring was done during daylight hours only because of the many sites being sampled in any given day. Counts were made at 2Ð 4 locations in and around commercial apple or peach orchards from 1994 to 2001 in Arkansas and Oklahoma. From 1997 to 2000, screen traps were added to this study for comparison to counts obtained in pyramid traps.
Peach orchards were sampled from 1994 to 2001 in Arkansas. In 1994, mean counts of plum curculio adults were recorded twice monthly from three pyramid traps, each set between peach trees located at the orchard edge, 10 m in from the edge (third row of trees) and in the orchard center (Ͼ30 m in from edge) of each peach block VB in Haynes. Concurrently, plum curculio adults were jarred from one limb on each of four trees adjacent to each trap. These two estimates of population levels of plum curculio adults around and in peach trees were compared with percentage new catfaced fruit (30 fruit from each of 10 trees).
In 1995, there were Þve pyramid traps at the orchard edge and Þve in the orchard center, each 1 m from a peach trunk, and Þve pyramid traps along the edge of the adjacent woodlot in two peach blocks VL and VB in Haynes. All traps were spaced at least 15 m apart at each location.
In 1996, counts were made twice a month from Þve pyramid traps, each at the orchard edge and in the orchard center of 14 orchard blocks in and around Haynes and Forrest City. In Forrest City orchard M, a comparison was made of trap counts relative to distance from adjacent woodlots. This orchard had a narrow fencerow woodlot to the east of row 1, a woodlot north of rows 1Ð30, a pasture north of rows 30 Ð55, a fresh market peach orchard north of rows 55Ð105, and a soybean Þeld to the south (Fig. 2) . Two pyramid traps were placed in rows 5, 30, 55, and 94 along the north edge and in the orchard center, and four traps were placed along the east edge of row 1. In 1997, peach orchard VB and M, each had four blocks consisting of two screen traps and two pyramid traps at the edge and center of each peach block. Each block had traps either with no bait or baited with a lure of grandisoic acid, the plum curculio aggregation pheromone (all lure effects reported elsewhere). In 1998, orchard M had two screen traps and two pyramid traps only at the orchard edge of rows 55, 30, and 1. In 1999, peach orchard VL had traps arranged in a randomized complete block design (3 replicates) each consisting of four screen traps and four pyramid traps. One of each trap type in each block had no bait or was baited with a lure of plum essence or grandisoic acid (IPM Technologies, Portland, OR). In 2000, an abandoned peach orchard L in Wynne had a randomized complete block design (3 replicates) each with Þve screen traps and Þve pyramid traps. One of each trap type in each block had no bait or was baited with a lure of grandisoic acid or essence of tart cherry, sweet cherry, or plum (IPM Technologies).
Peach orchards were sampled from 1995 to 2000 in Oklahoma. In 1995, weekly counts were made of plum curculio adults captured in Þve pyramid traps (three along the edge and two in the center) in a peach orchard in Perkins (PK), and two in Stratford (ST). In 1996, the PK orchard and the Porter (P) orchard each had Þve pyramid traps (three along the edge and two in the center), whereas the two ST orchards had three traps along the edge. In 1997, the ST and PK orchards had two screen traps and two pyramid traps arranged in a randomized complete design using eight replicates. In 1999 and 2000 in the PK orchard, weekly counts were made for 10 screen traps and 8 pyramid traps. Each block had traps either with no bait or baited with a lure of grandisoic acid. In 2000, the peach orchard in Harrah (H) had eight screen traps and six pyramid traps. The two ST orchards each had eight screen traps and eight pyramid traps in the edge and center.
Data were sorted by year (1994 Ð2000), by state (AR or OK), and orchard site. SigniÞcant differences were determined between mean trap counts of plum curculio adults for three sources of variation: trap location (L), trap distance from woods (R ϭ row), and trap type (T). An analysis of variance (ANOVA), using PROC GLM (General Linear Models) LSMEANS (STDERR PDIFF) and MEANS (Tukey), was used to identify signiÞcant main and interaction effects, to calculate the standard error of the mean and the probability of differences between means for each source Tables 3 and 4) .
The economic threshold of the number of plum curculio adults captured per trap per day for the pyramid trap was derived by regression. The independent variable of the number of plum curculio adults captured per pyramid trap per day (ranging from 0.01 to 0.4 adults) was regressed against the dependent variable of the percentage of new fruit damage assessed 1 wk later (ranging from 0 to 8%) using the Fit Line analysis in the JMP software (SAS Institute 1996) 
Results and Discussion
Two sampling methods were used to detect presence of plum curculio adults in and around peach orchards. In Arkansas from 1997 to 2001, 223 orchard visits were made to record the number of plum curculio adults captured in traps and jarred from peach tree limbs. Overall, traps captured plum curculio adults on 114 visits, whereas limb jarring did so on only 29 visits. This low number of orchard sampling visits with successful captures of a plum curculio adult by limb jarring was attributed to jarring trees during the day instead of at night. Racette et al. (1991) and Chouinard et al. (1992) reported that plum curculio adults are mainly active at night. Occasionally, growers do jar tree limbs, but it is usually during the day. Our data indicated that growers would have more success detecting plum curculio adults in orchards by using traps than by limb jarring. In the rest of this paper, we describe the effect of trap placement (location) and trap type on monitoring plum curculio adults and present an economic threshold based on the number of plum curculio adults captured per trap per day.
First capture of plum curculio adults in peach orchards in the spring 1995 varied signiÞcantly by sampling location (Table 1) . On 3 April, plum curculio adults were Þrst captured by pyramid traps in the edge and orchard center and by limb jarring peach trees along the orchard edge. Traps and limb jarring captured adults along the orchard edge before Þrst fruit damage was recorded on 10 April. However, plum curculio adults were not jarred from limbs in the orchard center until 10 April, when damage along the peach orchard edge was 9 and 3% in the orchard center. Pyramid traps set along the orchard edge captured signiÞcantly more plum curculio adults on 10 April (F ϭ 5.81; df ϭ 2,14; P ϭ 0.03) than did traps along the woods, but the numbers were similar to counts from traps in the orchard center. On 26 April, the traps along the edge and along the woods had similar numbers of plum curculio adults but signiÞ-cantly greater than that in the orchard center (F ϭ 9.33; df ϭ 2,14; P ϭ 0.008). On 29 June, traps placed in the orchard edge had more plum curculio adult captures than at the center or along the edge of adjacent woods (F ϭ 5.62; df ϭ 2,14; P ϭ 0.003). Trap counts along the edge of the woods were zero from 26 April to 26 July. Concurrently, traps and limb jarring captured adults in the orchard edge and orchard center. The only other dates when pyramid traps set along the orchard edge captured signiÞcantly more plum curculio adults than did traps set in the two other locations were 29 June (summer generation of adults emerging from the soil) and 27 September (adults dispersing to overwintering sites).
Pyramid traps and limb jarring peach trees had larger cumulative captures of plum curculio adults for the season when sampled along the orchard edge (16.6 adults/trap and 7.0 adults/jarring) than did sampling in the orchard center or along the edge of the woods 
Effect of trap location (L) and trap type (T) on counts of plum curculio adults per trap in Oklahoma
Yr ( (trap only) where counts were Ͻ5 adults/trap or 1.2 adults/limb jarring (Table 1) . Similarly, the season cumulative percentage new fruit damage was 16.3% along the orchard edge and 9.3% in the orchard center. The traps at the edge and in 3rd row of orchard had similar counts all season, but counts in edge traps differed signiÞcantly from those in center on 14 April only (Table 2) .
We expected that plum curculio adults exiting overwintering sites in the woodlot would be caught Þrst in pyramid traps along the woodlot edge, rather than in traps along the orchard edge and Þnally in the orchard center. Trap location (L) did signiÞcantly affect the number of plum curculio adults captured in traps in Arkansas orchard sites VB, VL, and M from 1995 to 1997, whereas in Oklahoma only orchard sites S in 1997 and H in 2000 had signiÞcant differences due to location (Tables 3Ð5). Edge and center trap counts were similar in Arkansas only in the VB site in 1998. We thought that plum curculio adults had overwintered inside the orchard because the ground cover was allowed to grow excessively high the previous season during and after harvest.
In Oklahoma orchards, signiÞcant differences in trap catch of adults at different locations were harder to detect. This was attributed to low plum curculio populations typically Ͻ0.7 adults/trap in the orchard edge, except in orchard PK in 1997 (1.44 adults/trap) ( Fig. 3A ; Tables 4 and 5 ). In comparison, AR, populations in the orchard edge usually exceeded 0.9 adults/trap. It was as low as 0.76 adults/trap in orchard VB in 1995.
Trap distance (R) noted as the number of tree rows (7 m apart) from a woodlot signiÞcantly affected the number of plum curculio adults captured in traps in the Arkansas orchard site M in 1996 (Table 3) . There was also a signiÞcant interaction of trap location and trap distance (L*R). Trap counts decreased signiÞ-cantly the farther the traps were placed away from the woods in the orchard edge and center (Fig. 3) . These Þndings agreed with those of Laßeur and Hill (1987) and Laßeur et al. (1987) , who used other sampling methods to describe the edge effect that occurred during the spring and late summer dispersal phases of plum curculio adults. Pyramid traps captured signiÞcantly more plum curculio adults than did screen trap types (T) only in Arkansas orchard site M in 1997 and Oklahoma site PK in 1997 and 2000 Tables 3, 4, and 6) . It was observed that peach trees in sites M and PK had a trunk circumference Ͻ38 cm. All other sites had trees with circumference Ͼ38 cm (Fig. 1A and B) . Likewise, the length of the screen trap bottom is 38 cm, so the bottom overlaps on these small circumference peach trunks. Future studies are expected to show that as trunk circumference decreases below 38 cm, so will screen trap catch. In contrast, counts from pyramid traps remain the same to that from limb jarring regardless of peach trunk size. Prokopy and Wright (1998) suggested that pyramid traps placed closer to fruit tree trunks caught more plum curculio adults than those further away. From 1994 to 1997 in Arkansas, pyramid traps were staked on the ground at least 1 m from peach trunks. This placement resulted in low trap captures of adults in samples taken after mid-May (summer adults) in Arkansas (Oklahoma populations were always low). From 1998 on, pyramid traps were set on the ground but were tied to peach tree trunks and kept weed-free. This increased the season mean trap captures of summer adults from Ͻ1 per trap before 1998 to between 1.5 and 3.3 adults per trap from 1998 to 2000 (Fig. 3B) . Thus, to maximize trap capture all season, the bottom edge of the pyramid trap should be in full contact with the ground, placed next to and tied to the peach tree; and the area around each trap should be maintained weedfree. Screen traps should be used only on trees with a circumference Ͼ38 cm.
The economic threshold of 0.045 adults per pyramid trap per day was derived from the following linear equation (t ϭ 5.37, df ϭ 28, P Ͻ 0.0001, r 2 ϭ 0.51): D ϭ 0.33 ϩ 14.49 * X; where X is the number of plum curculio adults per pyramid trap per day (range, 0.01Ð 0.4 adults); and D is the assessed percentage of fruit damaged 1 wk after recording the trap counts (range, 0 Ð 8% damage). Fruit damage was Ն1% in 19 out of 22 cases where the pyramid trap catch exceeded the threshold of 0.045 plum curculio adults per trap per day (Fig. 4) .
In 1997Ð2001, several peach growers in Alabama, Arkansas, and Oklahoma participated in an insect pest management program (Johnson et al. 2002) . Each orchard contained several pest-speciÞc traps. Three oriental fruit moth, Grapholita molesta (Busck), pheromone traps were set at eye level in peach trees in the center of the orchard (set 30 m apart). Four gray pyramid traps for monitoring plum curculio were tied to peach tree trunks along the orchard edge adjacent to woods. Four yellow pyramid traps for monitoring brown stink bug, Euschistus servus (Say), were staked between peach trees along the orchard edge and baited with rubber septa charged with 50(l methyl (2E, 4Z)-decadienoate, the aggregation pheromone of Nearctic Euschistus spp. (Aldrich et al. 1995) . Tarnished plant bugs, Lygus lineolaris (Palisot de Beauvois), were monitored using four white sticky traps tied to the lowest scaffold limb in trees along the orchard edge (30 m apart). Growers or scouts made weekly inspections for new pest damage on 30 fruit on each of 10 trees along the orchard edge, scouted traps for the presence of key pests, and accumulated degree-days to predict hatch of oriental fruit moth. Growers used this IPM program to assist in determining when plum curculio populations exceeded economic thresholds.
The pyramid trap can be used in tree fruit orchards with any size trunk circumference, whereas the screen trap is restricted to orchards with trunks that exceed a circumference of 38 cm. In these more mature orchards, the screen trap could replace the pyramid trap for a number of reasons. First, a screen trap is only $15, whereas a pyramid trap is more than $24. Also, screen traps are more easily attached to tree trunks, are more durable, have fewer maintenance problems, are lighter than pyramid traps, and require less storage space. Neither trap is a stand-alone decision-making tool during the season, especially for the summer generation(s) of plum curculio. This study suggests that combining weekly trap counts with percentage of fruit damage should be used to make insecticide decisions against plum curculio. Further research is needed to increase plum curculio adult attraction toward either the pyramid or screen trap. where X is the number of plum curculio adults per pyramid trap per day (range, 0.01Ð0.4 adults); and D is the assessed percentage of fruit damaged 1 wk after recording the trap counts (range, 0Ð8% damage) (t ϭ 5.37, df ϭ 28, P Ͻ 0.0001, r 2 ϭ 0.51).
